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Abstract 
The study investigated the locus of orthographic facilitation using a Cantonese picture-word 
naming paradigm, a task in which participants were required to name a target picture while 
ignoring the written word distractor presented along. Seven distractor conditions of different 
picture-word relations were constructed. Fourty-eight local undergraduates were randomly 
assigned to 3 different stimulus-onset asynchrony (SOA) groups and took part in the picture 
naming tasks. It was found that orthographic facilitation occurred at -100ms, 0ms and 100ms; 
phonological facilitation occurred at 0ms and 100ms; while semantic interference occurred at 
0ms. More importantly, interactive effect was observed between orthographic facilitation and 
semantic inhibition at -100ms and 0ms, which provided support to the hypothesis that 
orthographic facilitation has its locus lying in the semantic route of the functional model of 
reading and writing in Chinese. The results also favoured the lemma retrieval account over the 
name retrieval account. 
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The locus of orthographic facilitation in speech production of Chinese:  
Evidence from picture-word naming paradigm 
        Most people do not assume that when we speak, orthography is at some point being 
activated. However, interestingly, there is growing evidence to suggest that orthography does 
play a role in speech production (Bi, Wei, Jassen & Han, 2009; Damian & Bowers, 2003; 
Roelofs, 2006; Wheeldon & Monsell, 1992 as cited by Damian & Bowers, 2003). For example, 
Damian and Bowers (2003) discovered that single words were read aloud faster when all target 
words had the same initial sound and grapheme (e.g., 'camel'-'coffee'-'cushion'), when compared 
to the unrelated condition. In contrast, no priming effects was found when the target words just 
shared the initial phoneme (e.g., 'camel' - 'kayak' - 'kidney') or did not share initial phoneme or 
grapheme (e.g., 'camel'- 'gypsy'- 'kayak'). Although orthography plays a role, it is unclear where 
the locus of the orthographic effect lies (Weekes, Davies & Chen, 2002). The picture-word 
interference naming task, in which participants are required to name a target picture while 
ignoring the auditory or written word distractor, is a useful tool for studying the mechanism of 
spoken word production. It allows experimenters to manipulate the target-distractor relation in 
various ways and observe their effects on naming responses. Three phenomena have consistently 
been observed using such paradigm. They are semantic inhibition, orthographic facilitation and 
phonological facilitation effects.  
        Most language processing models suggest that picture naming and word recognition 
involves processing at the levels of semantic representation and phonological codes (e.g., Ellis 
& Young, 1988; Glaser & Glaser, 1989). Semantic inhibition occurs when a semantic 
relationship between the target and distractor impedes naming responses (e.g., cat-sheep, 貓-羊), 
leading to slower naming latencies as compared to the unrelated distractor (Glaser & 
Dungelhoff, 1984; Schriefers, Meyer & Levelt, 1990; Starreveld & La Heij, 1995, 1996). 
Presentation of categorically-related picture and word distractor causes competition among 
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representations, which delays the selection process in picture naming (Lupker & Katz, 1981; 
Glaser & Glaser, 1989; Roelofs, 1992; Schriefers et al., 1990; Starreveld & La Heij, 1995), 
although there are debates on whether the competition arises at the semantic, lemma or lexical 
level. Various experimental studies using visually presented distractors (written) reported that 
semantic inhibition occurs within a specific stimulus onset asynchrony (SOA) span, ranging 
from -300 ms to +100 ms (Damian & Martin, 1999; Glaser & Dungelhoff, 1984; La Heij, Dirkx 
& Kramer, 1990; Starreveld & La Heij, 1996; Zhang & Weekes, 2009). Negative SOAs indicate 
that the distractor stimuli precedes the target picture while positive SOAs indicates that the 
distractor follows after the target picture. When restricted to studies employing Chinese, 
semantic interferences were only found to be significant from -300ms to 0ms (Zhang, Chen, 
Weekes & Yang, 2009; Zhang & Weekes, 2009).  
In contrast, orthographic facilitation and phonological facilitation occur when naming 
latencies are reduced as compared to the unrelated condition due to orthographic similarity (e.g., 
nose-lose, 草-章) (Damian & Martin, 1999; Schriefers et al., 1990) or phonological similarity 
between the target and distractor (e.g., brain-plane, 天 /tin1/-填 /tin4/) (Glaser & Dungelhoff, 
1984; Lupker & Katz, 1981; Schriefers et al., 1990; Starreveld & La Heij, 1995), respectively. It 
is believed that the occurrence of orthographic and phonological facilitation effects in general 
are due to shared orthography or phonology between target name and distractor, which results in 
greater activation of target name (Lupker, 1982; Roelofs, Meyers & Levelt, 1996; Starreveld & 
La Heij, 1995). 
        Two contemporary language processing models, one adapted from Glaser and Glaser's 
model (1989) by Starreveld and La Heij (1996) and one proposed by Roelof (1992; 1997) and 
Levelt (1999), attempt to explain the locus of orthographic effect. The two models differ in the 
sense that the former does not assume a lemma level between semantic representations and 
phonological representations while the latter does. Thus, their implications on the locus of 
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orthographic facilitation differs slightly. 
        In Starreveld and La Heij's model (1996) depicted in Figure 1, there are two bi-
directionally-linked levels, the semantic level (conceptual and lexical semantics) and the lexical 
phonological level. Visual input representations and orthographic input representations are 
connected to their corresponding semantic nodes, and the lexical phonological nodes 
respectively, with no feedback received from the nodes. This model (name retrieval account) 
postulates that orthographic facilitation is located at the lexical phonological level (Starreveld & 
La Heij, 1995, 1996). When an orthographically-related distractor is presented, due to the shared 
orthography and phonology, activation of the target word's phonological features will also be 
heightened, which speeds up the phonological selection process of the target name. 
         Roelofs and Levelt's model (Levelt, 1999; Roelofs, 1992, 1997) as depicted in Figure 2, is 
similar to Starreveld and La Heij's model (1996), except that there exists a lemma level between 
the semantic and lexical phonological levels. Both the semantic and lemma levels, the lemma 
and lexical phonological levels are uni-directionally linked. According to Levelt (1999), the 
lemma level contains syntactic specification such as inflectional features and gender markers for 
semantic lexicons. Orthographic input representations are connected to their corresponding 
lexical phonological nodes and lemma nodes uni-directionally. This model (lemma retrieval 
account) postulates that orthographic facilitation can occur at both the lemma level and lexical 
phonological level (Roelofs et al., 1996). When an orthographically-related distractor is 
presented, activation of the target word's lemma and  phonological features will be enhanced, 
which speeds up the selection process of semantic lexicons at lemma level and/or phonological 
encoding of the target name. Dell, Schwartz, Martin, Saffran, and Gagnon (1997) as cited by 
Levelt, Roelofs & Meyer (1999), also believed in the existence of lemma level on the grounds 
that there is a need for the speech production mechanism to be able to process isolated syntactic 
items such as morpho-phonological and syntactic properties for sentence formulation that are 
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different from the structures of semantics or phonology. Evidence to support the hypothesis of a 
lemma level includes instances that syntactic knowledge of the target word is retained despite 
the fact that people fail to retrieve the word temporarily or permanently (Badecker, Miozzo & 
Zanuttini, 1995; Vigliocco, Antonini & Garrett, 1997, as cited by Levelt et al., 1999). Word 
exchange errors that occur between phonologically-dissimilar words which belong to the same 
syntactic class also suggest the existence of a level responsible for sole operation on syntactic 
structures (Garrett, 1988, as cited by Weekes, et al., 2002). 
 
 
Figure 1. (on the left) Starreveld and La Heij's (1996) model of word production.  
Figure 2. (on the right) Roelofs and Levelt's (1996) model of word production.  
Note. Grey components are included to explain processes in picture-naming; components in dotted lines indicate the 
locus of orthographic facilitation postulated in the respective models. 
 
        However, in alphabetic scripts like English and Dutch, which has high grapheme-phoneme 
correspondences, words that share similar phonological information share similar orthographic 
information inevitably (e.g., lamp-lamp, pen-pin), with very few exceptions. Therefore, in 
experiments using alphabetic scripts, an unavoidable combination of phonological and 
orthographic facilitation effects, rather than isolated effects, is yielded,. This confounding of 
phonology and orthography makes it difficult to compare the respective contribution of 
phonology and orthography and locate the locus of such effects (Starreveld & La Heij, 1995). 
Therefore, the claim that the locus of orthographic facilitation was at the lexical phonological 
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level may be flawed. 
         In contrast, for non-alphabetic scripts such as Chinese, in which mappings of phonology 
and orthography are less systematic, it is possible for the effects of phonology and orthography 
to be isolated (Bi, Xu & Caramazza, 2009; Weekes et al., 2002; Zhang et al., 2009; Zhang & 
Weekes, 2009). There are many orthographically dissimilar Chinese characters that have similar 
pronunciations (e.g., 番 /faan1/, 瓣 /faan2/, 凡 /faan4/, 飯 /faan6/), and orthographically similar 
Chinese characters that have different pronunciations (e.g., 豹 /paau3/, 釣 /diu3/, 約 /yoek8/, 的 
/dik7/). In Chinese picture-word naming tasks, ‘pure’ orthographic and phonological facilitation 
effects were observed, with additive effects found at SOAs -150 ms and/or 0 ms (Bi, Xu & 
Caramazza, 2009; Weekes et al., 2002; Zhang et al., 2009; Zhang & Weekes, 2009), indicating 
these two effects arise at independent levels of processing according to Sternberg's additive 
factors logic (1969). This has been further supported by studies that reported non-overlapping 
neural activation associated with orthographic and phonological effects (Weekes et al., 2005; 
Zhang & Weekes, 2009).  
         Weekes and colleagues (Weekes et al., 2002) believed that pure phonological facilitation 
found in Chinese was due to activation of target at the phonological representation level, which 
mediates through the direct lexical route of the Functional Model of reading and writing in 
Chinese (Weekes, Chen, & Yin, 1997) (see Figure 3). This model assumes a direct lexical route 
that links phonological and orthographic representations, and an indirect semantic pathway that 
connects phonology and orthography by mediation of semantics. Both routes have bidirectional 
mappings. Crucially, they concluded that orthographic facilitation effect could not be due to 
shared phonological representations or lie in the direct lexical route. Given that their study 
showed orthographic facilitation occurs at a different processing level from phonological 
facilitation, it is hypothesized that orthographic facilitation mediates through the indirect 
semantic pathway (Weekes et al., 2002).  
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Figure 
3. 
Weeke
s et 
al.'s 
(1997) 
model 
of 
readin
g and 
writing in Chinese.  
Note. Components in dotted lines indicate the locus of orthographic facilitation postulated in the model. 
         According to Sternberg's additive factors logic (1969), interaction effects should be 
observed when factors affect the same processing stage. One interesting prediction of Weekes et 
al.’s model (1997) is that if a study manipulates orthographic similarity and semantic 
relatedness, interaction between orthographic and semantic effects are expected in 
orthographically-and-semantically-related condition as the orthographic facilitation effect 
mediates via the semantic pathway. In other words, the mean naming latencies in 
orthographically-and-semantically-related condition are expected to be longer compared to 
orthographically-related condition and shorter compared to semantically-related condition, since 
the orthographic facilitation and semantic inhibition will attenuate each other. Studies employing 
Chinese had found that orthographic facilitation occurs at an earlier SOA than phonological 
facilitation (Zhang et al., 2009; Zhang & Weekes, 2009). The current study aimed to replicate 
previous findings of orthographic, phonological and semantic effects using Cantonese, a spoken 
language that had never been explored in this area. In addition, the hypothesis that orthographic 
facilitation mediates through the indirect semantic route, was tested. To investigate the locus of 
orthographic facilitation effect, seven distractor conditions of different picture-word relations 
were constructed. This had never been done before in previous studies. The orthographic 
similarity and semantic relatedness between the target and the corresponding word distractors 
were also manipulated concurrently while SOA was manipulated to reveal the time course of the 
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three types of inhibition/facilitation effects. The results of this study would inform us about 
whether the locus of orthographic facilitation effect lies at the semantic level, and shed light on 
the current debate within models of word production (e.g., Roelofs, Meyers & Levelt, 1995; 
Starreveld & La Heij, 1995; Weekes et al., 2002).    
Method 
Participants 
        Fourty-eight native Cantonese-speaking undergraduates from local universities (24 males, 
24 females, Mage= 21.7 years, SD= 1.12; age range= 20-24 years;) were recruited to take part in 
a picture-naming task. All participants reported no history of speech and language difficulties 
and had normal or corrected to normal vision. Another 30 native Cantonese speakers with 
tertiary education or higher (11 males, 19 females, Mage= 22.1 years, SD= 1.71; age range= 19-
25 years), were recruited to fill in questionnaires to provide ratings of either orthographic 
similarity (N=15) or semantic relatedness (N=15) of Chinese character pairs.  
Materials 
        Twenty pictured objects with monosyllabic Cantonese names were selected as targets from 
the coloured version of Snodgrass and Vanderwart picture database (Rossion & Pourtois, 2004), 
see Appendix A. Each target picture was matched with seven word distractor types, 
corresponding to identity, high-orthographically-related (HO-related), low-orthographically-
related (LO-related), low-orthosemantically-related (LOS-related), semantically-related (S-
related), phonologically-related (P-related) and unrelated. (See Appendix B for the list of all 
items) All the distractor characters were selected so that they fulfilled specific criteria to the 
respective condition they belonged to. Table 1 illustrates the respective criteria on orthography, 
phonology and semantics in each distractor condition with the example of target (狗 /gau2/ dog). 
Note that since the HO-related distractor (貰 /sai3/ borrow) for the target (葉 /jip6/ leaf) was 
found to be a word unknown to all raters, this target item was excluded in the computation of all 
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data, which means a total of 19 target pictures were left. 
 
Table 1  
Distractor criteria on orthography, phonology and semantics      
 Distractor types 
Identity High-
orthographic 
Low 
orthographic 
Low-ortho-
semantic 
Semantic Phonological Unrelated 
Example 狗 /gau2/ 
dog 
拘 /kui1/ 
restrain 
猜 /caai1/ 
guess 
狼 /long4/ 
wolf 
鼠 /syu2/ 
rat 
咎 /gau3/ 
guilt 
齊 /cai4/ 
even 
O match 
target  
share orthographic  
position and all or 
most components 
except semantic 
radical with target 
share only component 
position and semantic 
radical with target 
different orthographic component position 
from target  
P match 
target  
share none or at most, two phonetic features (i.e. onset, 
nucleus, coda, tone) of the target, but never share onset and 
rime at the same time 
share same 
syllable but 
differ in tone 
from target 
same criteria as 
phonologically
-unrelated 
distractors 
S match 
target  
categorically unrelated to the 
target  
belong to same 
semantic category as 
the target 
categorically unrelated to the 
target 
Note. O= orthography, P= phonology, S= semantics. 
        Ratings of orthographic similarity (OS) between the identity condition and all other 
conditions were obtained from a group of 11 females and five males (Mage= 22.33 years, SD= 
1.35; age range= 19-25 years). Pairs were rated on a 5-point scale (1= low orthographic 
similarity and 5= high orthographic similarity). Ratings of semantic relatedness (SR) between 
the identity condition and all other conditions were obtained from a group of nine females and 
six males (Mage=21.87 years, SD= 2.07; age range= 19-25 years). Pairs were rated on a 5-point 
scale (1= low semantic relatedness and 5= high semantic relatedness). Since assumption of 
homogeneity of variances was violated in these two parameters as shown from the Levene's test 
(all p's < .001), Games-Howell pair-wise comparisons were reported. 
Pair-wise comparisons revealed that orthographic similarity was significantly higher in HO-
related condition than all other conditions (all p's < .01). Orthographic similarity was also 
significantly higher in LO-related and LOS-related conditions than other orthographically-
unrelated conditions (all p's < .001), while these two conditions did not different significantly 
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from each other (p > .05). It was also revealed that semantic relatedness in S-related and LOS-
related conditions significantly higher than all other conditions (all p's < .001), while there was 
no significant difference between these two conditions (p > .05). Table 2 shows the means, 
standard error and range of OS and SR between target and each distractor type. (See Appendix C 
for the ratings of OS and SR between targets and each distractor item) 
 
Table 2  
Ratings of orthographic similarity and semantic relatedness 
 Distractor types 
High-
orthographic 
Low 
orthographic 
Low-ortho-
semantic 
Semantic Phonological Unrelated 
Orthographic 
similarity 
3.73 (0.16)  
[2.00-4.67] 
2.86 (0.10)  
[2.07-3.87] 
1.85  (0.12)  
[1.07-4.13] 
1.28  (0.05)  
[1.07-1.93] 
1.14  (0.03)  
[1.00-1.40] 
1.08  (0.02)  
[1.00-4.67 
Semantic 
relatedness 
1.29  (0.05)  
[1.07-1.87] 
1.15 (0.02)  
[1.07-1.33] 
4.03  (0.10)  
[3.04-4.80] 
3.81  (0.15)  
[2.20-4.67] 
1.17  (0.03)  
[1.00-1.67] 
1.13 (0.02)  
[1.00-1.40] 
Note. 1= very dissimilar/ unrelated; 5= very similar/ related; Standard error are given in parentheses; range are 
given in square brackets. 
The Chinese distractor characters were digitized images created using the Arial Unicode 
MS font, measuring 16mm*16mm (60 by 60 pixels). All distractor conditions were matched for 
mean word frequency, Ffrequency (6, 126) = .589 , p > 0.05, as shown by the one-way ANOVA. 
The word frequency of distractors was based on the frequency database provided by Cheung and 
Chan (1997). Bonferroni pair-wise comparison revealed that all distractor conditions were 
matched for mean number of strokes, with all p's > .05, except that mean number of strokes in 
the S-related condition was significantly smaller than that of LOS-related condition, with p =    
.049. It was difficult to eliminate the difference between the mean number of strokes in these 
two conditions because of the need to ensure orthographical dissimilarity between semantically-
related distractors and target words. Since all 19 target characters were phonetic compounds, 10 
of the semantically-related distractors selected had to be simple characters, so that they did not 
share the same component position with target words. This contrasts to the LOS-related 
distractors, which were essentially phonetic compounds. Table 3 shows an example of a target 
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matched for each distractor condition on the mean character frequency (per 1,000,000 
characters) and mean number of strokes.  
 
Table 3  
Mean character frequency (per million) and mean stroke count in each distractor condition 
 Distractor types 
Identity High-
orthographic 
Low 
orthographic 
Low-ortho-
semantic 
Semantic Phonological Unrelated 
Example 蕉 /ziu1/ 燕 /jin3/ 薦 /zin3/ 蘋 /ping4/ 橙 /caang2/ 趙 /ziu6/ 鈣 /koi3/ 
Meaning banana swallow to offer apple orange surname calcium 
Character 
frequency 
M (SD) 
50.47 
(68.65) 
44.63  
(89.09) 
49.42  
(54.77) 
22.16  
(22.63) 
44.00  
(75.68) 
62.74  
(107.46) 
53.05  
(41.13) 
 Strokes 
M (SD) 
13.16 
(4.05) 
11.58  
(5.00) 
12.89  
(3.64) 
14.21  
(4.42) 
10.11  
(4.45) 
10.84  
(3.69) 
12.16  
(2.10) 
Note. M= mean; SD= standard deviation. 
Design 
 The design contained two independent variables, with the distractor type being a within-
subjects factor of seven levels and the SOA values being a between-subjects factor of three 
levels: -100ms, 0ms, +100ms. The dependent variables were the recorded picture naming 
latencies and the percentage of naming errors. 
Equipments and Procedures 
       The experimental naming task was programmed by the use of E-Prime Professional 
Software. The pictorial and written stimuli were presented using a laptop with a high-resolution 
monitor (800*600). A microphone was connected to the laptop through the E-prime Serial 
Response Box (SRBOX), in which the voice key in it recorded the onset of naming response.  
       All participants were tested individually in a well-lit sound booth and seated at a 
comfortable viewing distance of 60 cm in front of the laptop. Before the experiment began, they 
were told that their task was to name pictures. To familiarize the participants with the 
experimental picture stimuli, they were first asked to name each target picture successively. Any 
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incorrect names given by the participants were corrected by the experimenter. The experimental 
blocks were administered only after the participants were able to consecutively name all the 
pictures correctly. There were 12 practice trials and two experimental blocks with 70 
experimental trials in each. The experimental trials were presented in a pseudorandom order so 
that no target pictures appeared consecutively to avoid priming effects. Three different pseudo-
randomized test list were designed and were randomly administered to participants. Participants 
were allocated to different SOA groups by random assignment.  
        In each trial, a fixation point (+) centered in the screen was shown for 500 ms, followed by 
a blank screen for 500 ms. In each trial, depending on the pre-determined SOAs (-100ms, 0ms, 
+100ms), either a target picture or a written distractor was presented first, followed by the other, 
or were presented simultaneously. The presentation of stimuli was terminated once the 
participant produced a vocal response and another trial would begin after a time interval of 2000 
ms. Participants were instructed to name pictures presented on the computer screen as quickly as 
possible while ignoring the Chinese characters presented along. Naming latencies were 
determined from the onset of the target picture presentation and vocal response. Incorrect 
naming responses and invalid vocal responses (i.e. early detected onset due to irrelevant vocal 
response and delayed detected onset due to low intensity of vocal response) were recorded on-
line by the experimenter. 
Results 
        As mentioned before, responses from the target item (葉 /jip6/ leaf) were excluded from all 
data analyses. Naming latencies from incorrect and invalid responses (3.35%) and those shorter 
than 300ms or longer than 2000 ms (0.01%) were discarded. Naming latencies of distractors that 
deviated from their cell means across participants by more than three standard deviations, were 
replaced by the cell means (0.004%). All analyses were performed on the remaining data. Table 
4 shows the mean latencies and error percentage for each condition by SOA and on overall.  
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Table 4  
Participant mean naming latencies (ms) and error percentage 
SOA Distractor types 
I HO LO LOS S P U 
 
 
-100ms 
Mean 566.40 
(58.84) 
592.26 
(52.48) 
623.67 
(49.76) 
681.98 
(43.26) 
692.65 
(64.47) 
631.28 
(52.99) 
649.05 
(48.14) 
% error 0.99 
(2.12) 
0.00 
(0.00) 
0.33 
(1.32) 
2.96 
(3.83) 
3.62 
(2.52) 
1.32 
(3.04) 
0.66 
(1.80) 
 
 
 
 
0ms 
Mean 571.31 
(53.39) 
568.59 
(56.59) 
604.03 
(59.21) 
648.32 
(63.76) 
692.33 
(78.35) 
597.47 
(59.66) 
636.43 
(58.09) 
% error 0.66 
(1.80) 
0.33 
(1.31) 
0.99 
(2.86) 
1.31 
(2.35) 
2.63 
(3.33) 
0.66 
(1.80) 
0.99 
(2.86) 
 
 
 
 
100ms 
Mean 613.98 
(44.79) 
615.12 
(52.60) 
652.56 
(71.26) 
694.07 
(78.62) 
692.65 
(78.92) 
636.06 
(52.36) 
691.79 
(59.64) 
% error 0.33 
(1.32) 
0.99 
(2.12) 
0.33 
(1.32) 
1.97 
(3.26) 
3.62 
(4.18) 
0.33 
(1.32) 
0.99 
(2.86) 
 
 
 
Overall 
Mean 583.90 
(55.87) 
591.99 
(56.14) 
626.75 
(62.73) 
674.79 
(65.19) 
692.55 
(72.62) 
621.60 
(56.64) 
659.09 
(59.37) 
 % error 0.66 
(1.75) 
0.44 
(1.47) 
0.55 
(1.95) 
2.08 
(3.21) 
3.29 
(3.37) 
0.77 
(2.17) 
0.88 
(2.51) 
Note: Distractor types: I= identity; HO= high-orthographically related; LO= low-orthographically related; 
LOS= low-orthosemantically related; S= semantically related; P= phonologically-related; U= unrelated. 
Standard deviations are given in parentheses. 
         In the by-participant analysis, an ANOVA (F1) was performed with distractor type being a 
within-subjects variable and SOA being a between-subject variable. Since the sphericity for 
distractor type was not assumed as shown from the Mauchly's test x
2
(20) = 67.75, p < .001, the 
F-ratios were corrected by Greenhouse-Geisser estimates of sphericity (ε = .68). Multiple 
comparisons were adjusted with Bonferroni correction. In the by-items analysis, an ANOVA 
(F2) was also conducted with both distractor type and SOA as between-items variables. The 
assumption of variance homogeneity was also violated as shown from the Levene's test F(20, 
378) = 2.18, p = .003. Therefore, rather than Bonferroni, Games-Howell pair-wise comparisons 
were reported.  
        The results showed that the main effect of distractor type significantly affected naming 
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latency in both participant analysis F1(4.07, 182.98) = 88.92, p < .001, and item analysis F2(6, 
108) = 23.40, p < .001. The SOA effect was not significant in participant analysis F1(2, 45) = 
2.27, p = .12, but was significant in item analysis F2(2, 36) = 11.89, p < .001. The interaction of 
distractor type and SOA was significant in the participant analysis F1(12, 270) = 2.60, p < .01, 
but not in the item analysis F2(12, 216) = 0.68, p = .77. Presence of SOA effect would imply 
that the speed to name targets differs by SOA while significant interaction effect indicated that 
different distractors behave differently at different SOAs. 
         Both the by-participant and by-item main effects of distractor type showed that targets 
presented with the identity condition were named the fastest, followed by the HO-related, P-
related, LO-related, unrelated condition, LOS-related and S-related conditions. Further by-tem 
post-hoc analysis revealed comparatively fewer significant comparisons than the by-participant 
post-hoc analysis. Planned multiple comparisons revealed that, differences between distractors, 
were all significant in both participant and item analyses (all p’s < .05), except the differences 
between identity and HO-related conditions (p1 = 0.48; p2 = .99), identity and P-related 
conditions (p1 < 0.001; p2 = 0.06), HO-related and P-related conditions (p1 < 0.001; p2 = .07), S-
related and LOS-related conditions (p1 = .73; p2 = .83), LO-related and P-related conditions (p1 
= 1.00; p2 = .99), LOS-related and unrelated conditions (p1 = .71; p2 = .81), and LO-related and 
unrelated conditions (p1 < .001; p2 = .13). Insignificant pairwise comparisons indicate that the 
speed to name the target picture did not differ when the two relevant distractors were presented. 
        Both the by-participant and by-item main effects of SOA showed that targets were named 
fastest when target pictures and distractors were presented simultaneously and slowest when 
target pictures preceded distractors by 100ms. Planned multiple comparisons in by-item analysis 
showed that naming latencies in SOA 100ms, were significantly longer than those in SOA -
100ms (p < .02) and 0ms (p < .001). No significant difference was found between SOA -100ms 
and 0ms (p = .103).  
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        To examine the priming effects, each distractor type was compared with the unrelated 
condition across the different time course. Figure 4 illustrates the priming effects of different 
distractor conditions across SOAs in participant analysis, with the unrelated condition serving as 
the baseline. Since the assumption of variance homogeneity was violated at SOA 0ms, as shown 
from the Levene's test F(6, 126) = 4.77, p < .001, Games-Howell pair-wise comparisons were 
reported for SOA 0ms in item analysis, while Bonferroni comparisons were used for SOA -
100ms and 100ms. All priming effects were considered significant if 0.05 level of significance 
was reached in the participant analysis. Orthographic facilitation (from HO-related condition) 
appeared at -100ms (p1 < .001; p2 = 0.75), 0ms  (p1 < .001; p2  <0.001) and 100ms  (p1 < .001; p2 
= .023); semantic interference was significant at 0ms (p1 = .024; p2 = .321) and phonological 
facilitation occurred at 0ms (p1 = .003; p2 = .247) and 100ms  (p1 = .001; p2 = .286). 
Orthographic facilitation (from LO-related condition) was significant at 0ms (p1 = .047;  
 
 
Figure 4. The effects of semantic inhibition, phonological facilitation and orthographic 
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facilitation. 
Note: Error bars show the standard errors. 
p2 = .515). More importantly, it should be noted that the naming latencies in LOS-related 
condition were significantly longer than those in LO-related condition at -100ms (p1 = .001. ; p2 
= 1.00) and 0ms (p1 = .012; p2 = .342), and that LOS-related condition was faster than S-related 
condition at -100ms (p1 = 1.00; p2 = 1.00) and 0ms (p1 = .14; p2 = .715), though significance was 
not reached.  
        The distractor by SOA interaction revealed that distractors influenced the ease of naming 
the target picture differently when they were presented at different time intervals. As mentioned 
previously, the by-item analysis revealed comparatively fewer significant comparisons than the 
by-participant post-hoc analysis. Table 5 shows a summary of the overall mean differences 
between distractor types and at different SOAs in participant analysis.  
        At SOA -100ms, naming latencies were found to be significantly shorter in identity 
conditions than all other conditions in both participant and item analyses (all p’s < .05), except 
when compared to HO-related condition (p = 1.00) and LO-related condition (p = .10) in item 
analysis. HO-related condition was significantly faster than all other conditions (except identity) 
in participant analysis (all p’s < .05) but were only significantly faster than LOS-related and S-
related conditions in item analysis (all p’s < .001). P-related and LO-related conditions were 
significantly faster than unrelated, LOS-related and S-related conditions in participant analysis 
but were only significantly faster than S-related condition in item analysis (all p’s < .05).  
       At SOA 0ms, naming latencies were found to be significantly shorter in identity conditions 
than all other conditions in both participant and item analysis (all p’s < .05), except when 
compared to HO-related condition (both p's = 1.00), P-related condition (p1 = .71; p2 = .732) and 
LO-related condition (p1 = .40; p2 = .518). HO-related conditions were significantly faster than 
all other conditions (except identity) in participant analysis (all p’s < .05) but were only 
significantly faster than unrelated, LOS-related and S-related conditions in item analysis (all p’s 
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< .004). P-related and LO-related conditions were significantly faster than unrelated, LOS-
related and S-related conditions in participant analysis but were only significantly faster than S-
related condition in item analysis (all p’s < .05). Furthermore, unrelated condition were 
significantly faster than S-related condition in participant analysis (p = .024).  
 
Table 5  
Mean difference (A-B) between distractor conditions with Bonferroni-corrected significance 
level in participant analysis 
 
SOA 
Distractor   
types (B) 
(A) 
I HO P LO U LOS 
MD (SE) MD (SE) MD (SE) MD (SE) MD (SE) MD (SE) 
 HO 25.86   * (6.17)           
 p 64.88*** (7.63) 18.04** (5.50)         
-100ms LO 57.26*** (8.15) 31.90* (7.64) -7.61 (7.20)       
 U 82.65*** (10.09) 56.79*** (8.40) 517.78 (7.64) 25.39 (8.96)     
 LOS 115.58*** (10.53) 89.71*** (11.84) 50.70** (9.52) 58.31** (9.71) 32.92 -10.12   
 S 126.25*** (15.42) 69.23*** (11.84) 61.38* (14.09) 68.99*** (11.44) 43.60 (13.18) 10.68 (11.12) 
 HO -2.71 (5.98)           
 p 26.17 (7.53) 28.88** (6.27)         
0ms LO 32.73* (8.71) 35.44** (6.06) 6.56 (9.78)       
 U 65.12*** (8.90) 67.84*** (7.98) 38.96** (7.63) 32.44* (8.81)     
 LOS 77.02*** (10.84) 79.73*** (7.66) 50.85*** (10.85) 44.29* (10.14) 11.89 (8.81)   
 S 121.03*** (12.31) 123.74*** (11.36) 94.86*** (12.54) 88.30* (12.13) 55.90* (13.96) 44.01 (14.00) 
 HO 1.14 (5.69)           
 p 22.08* (5.44) 20.94** (4.53)         
100ms LO 38.58* (10.09) 37.44* (8.81) 16.51 (9.29)       
 U 77.81*** (9.63) 76.67*** (9.47) 55.74** (9.67) 39.23 (13.15)     
 LOS 83.91*** (12.59) 78.95*** (12.7) 58.02** (12.65) 41.51 (13.35) 2.28 (14.39)   
 S 78.67*** (13.07) 77.53** (12.98) 56.59* (15.06) 40.09 (13.52) 0.85 (13.29) -1.42 (16.69) 
 HO 8.1 (3.43)           
 p 37.71*** (4.01) 29.61*** (3.61)         
Overall LO 42.86*** (5.21) 34.76*** (4.30) 5.15 (5.10)       
 U 75.20*** (5.52) 67.10*** (4.99) 37.49*** (4.83) 32.34*** (6.06)     
 LOS 90.89*** (6.71) 82.80*** (5.88) 53.19*** (6.40) 48.04*** (6.46) 15.70 (7.17)   
 S 108.65*** (7.89) 100.55*** (7.40) 70.94*** (8.05) 65.79*** (7.15) 33.45** (7.78) 17.76 (8.15) 
Note. Distractor types: I= identity; HO= high-orthographically related; LO= low-orthographically related; 
LOS= low-orthosemantically related; S= semantically related; P= phonologically-related; U= unrelated. MD= 
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mean difference; SE= standard error. * = p < .05; ** = p < .01; *** = p < .001. Significant differences that 
remain in item analysis were underlined. 
       At SOA 100ms, naming latencies were found to be significantly shorter in identity 
conditions than all other conditions in both participant and item analysis (all p’s < .05), except 
when compared to HO-related condition (both p's = 1.00), P-related condition (p1 = .022; p2 = 
1.00) and LO-related condition (p1 = .035; p2 = 1.00). HO-related conditions were significantly 
faster than all other conditions (except identity) in participant analysis but were only 
significantly faster than unrelated, LOS-related and S-related conditions in item analysis (all p’s 
< .05). P-related condition were significantly faster than unrelated, LOS-related and S-related 
conditions in participant analysis (all p’s < .05). No other significant differences were yielded.  
        For error analyses, since the sphericity for distractor type was not assumed as shown from 
the Mauchly's test x
2
(20) = 50.51, p < .001, the F-ratios were corrected by Greenhouse-Geisser 
estimates of sphericity (ε = .76) in participant analysis. Multiple comparisons were adjusted with 
Bonferroni correction. As the assumption of variance homogeneity was violated as shown from 
the Levene's test F(20, 378) = 8.68, p < .001, Games-Howell pair-wise comparisons were 
carried out for item analysis. The distractor effect was significant in both participant analysis 
F1(4.56, 205.17) = 9.57, p < 0.001, and item analysis F2(6, 108) = 6.87, p < .001. The SOA 
effect was not significant in both analyses F1(2, 45) = .36, p = .70; F2(2, 36) = .63, p = .53. The 
interaction of distractor type and SOA was also not significant in both analyses F1(12, 270) 
 = .77, p = .65; F2(12, 216) = .57, p = .87.  
         Planned multiple comparisons showed that in general, participants made more errors 
naming the target picture in the S-related condition than all the other conditions (all p’s < .005), 
except LOS-related condition (p1 = 1.00; p2 = .774). However, no significant difference was 
found between LOS-related and any other conditions (all p's > .05). Among the naming errors, 
65.38% (51/78) of them were semantic errors, in which the error responses were names that 
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belonged to the same category as the target picture; another 16.67% (13/78) of the naming errors 
arose from the target item '椅', in which the error responses were all '凳', as both have the same 
meaning of chair. The rest of the errors 17.95% (14/78) included phonological errors (e.g., 蟹 
/haai5/ crab, for 鞋 /haai4/ shoe), assumed visual errors (e.g., 筆 /bat1/ pencil, for 針 /cham1/ 
needle), incomplete names (e.g., /p/ for 豹 /paau3/) and unclassifiable errors (e.g., /s/ for 狗 
/gau2/). Appendix C shows the naming performance (across participants) of each item. 
Discussion 
        The current study demonstrated a orthographic facilitation effect, a phonological 
facilitation effect and a semantic interference effect in picture naming, as reported in previous 
studies conducted in Mandarin (Weekes et al., 2002; Zhang et al., 2009; Zhang & Weekes, 
2009). In general, pictures were named fastest when the distractor matched the identity of the 
target, followed in the order of increasing response times by high-orthographically-related, 
phonologically-related, low-orthographically-related, unrelated, low-orthosemantically-related 
and semantically-related distractors. This general pattern persisted across the different SOAs. 
More importantly, it was revealed that orthographic facilitation and semantic inhibition interact 
at SOA -100ms and 0ms. 
       A number of replications of previous findings were yielded. Pure orthographic facilitation 
and phonological facilitation effects were obtained since the high-orthographically-related and 
phonologically-related distractors only shared either orthography or phonology of the target, 
respectively. Orthographic and phonological facilitation were found to have different time 
courses and magnitudes. Orthographic facilitation (from HO-related condition) appeared at -
100ms, 0ms and 100ms while phonological facilitation appeared at 0ms and 100ms. This is 
consistent with previous findings that orthographic facilitation occurs earlier than phonological 
facilitation (Zhang et al., 2009; Zhang & Weekes, 2009). In addition, when compared to the 
unrelated distractors, target pictures with high-orthographically-related distractors were named 
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faster than phonologically-related distractors by at least 21 ms in all SOAs. This pattern was 
similar to that in previous studies, where orthographic facilitation was stronger than 
phonological facilitation (Bi et al, 2009; Zhang et al, 2009; Zhang & Weekes, 2009). These 
findings support that orthographic facilitation effects could not be due to shared phonological 
representations or lie in the direct lexical route (non-semantic pathway) of the functional model 
of reading and writing (Weekes et al., 1997). This further challenges the name retrieval account 
that orthographic facilitation locates at the lexical phonological level (Starreveld & La Heij, 
1995, 1996). In addition, it was shown that semantic inhibition occurred only at 0ms, and this 
time course is congruent with previous findings that no semantic interference were found at 
SOA 100ms or above (Zhang et al., 2009; Zhang & Weekes, 2009).  
         The size of phonological facilitation found in the present study was rather comparable to 
those of Weekes et al.'s (2002) and Zhang et al.'s (2009) studies. This suggests that similar 
phonological facilitation can be yielded in non-alphabetic languages, both Cantonese and 
Mandarin, even if they have different tonal system. Interestingly, it is noted that the magnitudes 
of orthographic facilitation and semantic inhibition effects were greater than those obtained from 
previous studies that used picture naming in Mandarin. The effects from the present study were 
at least twice the size of those yielded from Weekes et al.'s (2002), Zhang and Weekes' (2009) 
and Zhang et al.'s (2009) studies. Table 6 compares the magnitudes of orthographic facilitation, 
phonological facilitation and semantic facilitation across SOAs between the current study and 
previous studies. 
 
Table 6 
Magnitudes of different facilitation/inhibition effects (ms) in current study and previous studies 
Studies  SOA  
 -150ms -100ms 0ms +100ms +150ms 
 O P S O P S O P S O P S O P S 
Current study 
(2010) 
- - - -57* -18 44* -68* -39* 56* -77* -56* 1 - - - 
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Weekes et al. (2002) - - - - - - -35* -36* 46* - - - - - - 
Zhang & Weekes 
(2009) 
- - - -16* 11 20* -34* -4 16* -16 -23* -13 - - - 
Zhang et al. (2009) -42* -4 39* - - - -53* -37* 33* - - - -44* -24* 8 
Note. O = orthographic facilitation; P = phonological facilitation; S = semantic inhibition. * = p < .05. 
        The differences in magnitude between the present study and previous one may be 
accounted for by differences in selection criteria of the distractor stimuli. The stronger 
orthographic facilitation across SOAs in the current study than that in Zhang and Weekes (2009) 
may be due to the greater visual overlap between targets and high-orthographically-related 
distractors in the current study. According to our criteria, high-orthographically-related 
distractors share component configuration and all or most components except semantic radical 
with targets. Independent ratings also revealed that high-orthographically-related distractors 
were perceived to share significantly greater orthographic resemblance than low-
orthographically-related distractors that only share component position and semantic radical 
with targets. In Zhang and Weekes' study (2009), only eight out of the 20 orthographic 
distractors met the criterion of high-orthographically-related distractor. Among the other 12 
orthographic distractors, five shared the component position and semantic radical with targets 
(e.g., 碗 /wan3/ bowl -碱 /jian3/ alkali, share '石' stone) while four shared only the orthographic 
position and one logographeme with targets (e.g., 鹿 /lu4/ deer- 席 /xi2/ mat, share '广'). The 
remaining shared component position, semantic radical and one more logographeme with 
targets. For example, '花' /hua1/ flower and '苻' /fu4/ symbol, share the semantic radical '艹' and 
the logographeme '亻'.  Therefore, the greater orthographic facilitation found in the current study 
than that in Zhang and Weekes' study (2009) can be explained by its greater orthographic 
similarity between orthographic distractors and targets. Note that since distractor items in 
Weekes et al. (2002) were not reported, no investigation of orthographic stimuli could be done. 
         The weaker semantic interference found in Zhang and Weekes's study (2009) and Zhang et 
al. (2009) may be explained by the fact that semantic distractors shared subtle orthographic 
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overlap with the targets. Out of the 20 semantic distractors, five and six of them shared the same 
configuration with the targets (e.g., 糖 /tang2/ candy -酒 /jiu3/ wine); one and six of them shared 
semantic radical with the target (e.g., 床 /chuang2/ bed -枕 /zhen3/ pillow, share '木'), in Zhang 
and Weekes' (2009) and Zhang et al. 's (2009) study respectively. It is also possible that some of 
their semantic distractors induced facilitation, rather than interference, due to their semantic 
association with the targets (Alario, Segui, & Ferrand, 2000; La Heij, Dirkx, & Kramer, 1990) 
and morphological priming, in which the semantic distractor (first morpheme in the compound 
word) helps retrieval of the target (second morpheme in the compound word) (Joyce, 2002; Taft 
& Zhu, 1995 as cited by Myers, Derwing & Libben, 2004). For examples, the distractor '叶' 
(/ye4/ leaf) is highly associated with the target '花' (/hua1/ flower) in meaning while the 
distractor '云' (/yun2/ cloud) can combine to form a disyllabic compound word with the target 
'风' (/feng1/ wind) (Zhang & Weekes, 2009). Therefore, the weaker semantic inhibition found in 
previous studies could be attributed to shared orthography and semantic associations between 
their semantic distractors and targets. 
         Novel to previous studies, the orthographic facilitation produced by low-orthographically-
related distractors was observed at 0ms, with a magnitude less than half of that produced by 
high-orthographically-related distractors and was comparable to that of phonological facilitation. 
The low-orthographically-related distractors only share semantic radical with the targets, in 
which the meaning of semantic radical is expressed in the target but not in the low-
orthographically-related distractor. For example, the semantic radical '艹' has the meaning of  
plants, and this meaning is expressed in the target '薯' (/syu4/ potato) but not in the low-
orthographically-related distractor '蓄' (/cuk1/ store). This suggests that orthography of semantic 
radicals are processed in spoken word production. The smaller orthographic facilitation 
produced by low-orthographically-related than high-orthographically-related distractors can be 
attributed to the fact that there is less orthographic overlap between the former one and the target 
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than the latter one. 
         Another crucial finding of the current study is the interactive effect found between 
orthographic facilitation and semantic inhibition at -100ms and 0ms. When compared to 
unrelated distractors, participants named the targets slower when low-orthosemantically-related 
distractors were presented at -100ms and 0ms by 25ms and 32ms respectively; whereas targets 
were named faster when low-orthographically-related distractors were presented at -100ms and 
0ms by 33ms and 12ms respectively. Furthermore, differences in naming latencies between low-
orthosemantically-related and low-orthographically-related distractors (58ms and 44ms) were 
significant. This indicates that semantic inhibition has overridden the orthographic facilitation in 
low-ortho-semantically-related condition. When compared to unrelated distractors, participants 
named the targets slower by 44ms and 56ms when semantically-related distractors were 
presented at -100ms and 0ms, respectively. Though the differences in naming latency between 
semantically-related and low-orthosemantically-related distractors (11ms and 44ms) were not 
significant, semantic interference (from semantically-related condition) occurred at 0ms. While 
the speed to name targets did not differ between low-orthosemantically-related and unrelated 
conditions, this observation shows that semantic intereference was attenuated by orthographic 
facilitation from the semantic radical in low-orthosemantically-related condition at 0ms. 
        According to Sternberg's additive factors logic (1969), interaction/non-additive effects 
should be observed when factors affect the same processing stage. The interactive effect found 
between orthographic facilitation and semantic inhibition supports the hypothesis that 
orthographic facilitation mediates through the indirect semantic route of the Weekes et al.'s 
model (1997). In the framework of this Functional model of Chinese, it is believed that 
orthographic facilitation occurs at orthographic representations in which activation of target's 
orthography is heightened due to shared orthography between the target and orthographically-
related distractor. This facilitation mediates indirectly through the semantic pathway and finishes 
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before phonological representations are processed. 
         The finding of interactive effects between orthography facilitation and semantic inhibition 
also provides support to the lemma retrieval account (Levelt, 1999; Roelofs, 1992, 1997), which 
claimed that orthographic facilitation can occur at both the lemma level and lexical phonological 
level (Roelofs et al, 1996). Since independent orthographic and phonological facilitation effects 
were demonstrated consistently in Chinese studies (Bi et al, 2009; Zhang et al., 2009; Zhang & 
Weekes, 2009), indicating orthographic facilitation could not be due to shared phonology and 
does not occur at the lexical phonological level, the locus of orthographic facilitation based on 
the lemma retrieval account (Roelofs et al, 1996), is argued to be at the lemma level. 
Orthographic facilitation can be explained by the lemma retrieval account that it is resulted at 
lemma level in which the selection process of semantic lexicons are speeded up due to the 
increased activation of the target lemma. 
        The above discussion should be taken cautiously in light of some shortcomings in this 
study. First, the mean number of strokes in the semantically-related (Mstroke = 10.11) and low-
ortho-semantically-related conditions (Mstroke = 14.21) were not matched, with less strokes in the 
semantically-related one. It has been shown that number of strokes affects the speed in 
recognizing Chinese characters, in which characters of less strokes are recognized faster (Zhang 
& Feng, 1992). Therefore, it is expected that semantically-related distractors will be recognized 
faster than low-ortho-semantically-related distractors, now that the targets were named slower in 
semantically-related condition than low-orthosemantically-related condition, unequal mean 
number of strokes in these two conditions would not affect the general naming latency pattern 
but might have under-estimated the actual difference in magnitudes between the two conditions. 
        Second, there is a possibility that the phonetic radicals in high-orthographically-related 
distractors may activate phonology of the target names, rendering the facilitation effect a 
combination of orthographic and phonological facilitation. The pronunciations of the all 
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commonly known characters that contain the phonetic radical of each of the 19 high-
orthographically-related distractors used were examined using a phonetic-radical-based Chinese 
dictionary (Li, 1989). It was found that eight of the HO-related distractors ('呸' /pei1/, '縷' 
/loey5/, '椅' /ji2/, '拘' /koey1/, '孤' /gu1/, '桂' /gwai3/, '拿' /na4/ and '鹽' /jim4/) contain a phonetic 
radical with which their dominant pronunciations match the syllable or both the syllable and 
tone of the corresponding targets. The pronunciation carried by the greatest number of token 
frequency of the common Chinese characters that contain same phonetic radical, is considered 
the dominant pronunciation of that phonetic radical. For example, there are 10 commonly known 
characters that contain the phonetic radical '句' as the HO-related distractor '拘' /koey1/ for the 
target '狗' /gau2/. These 10 characters involve seven different pronunciations, in which three of 
them are all pronounced as /gau2/ (狗, 苟, 枸) and one of them is pronounced as /gau3/ (夠) (Li, 
1989). Therefore, it is possible that when these eight HO-related distractors were presented, the 
phonetic radicals they contain activate both the orthography and phonology of the targets, 
resulting in a combination of orthographic and phonological facilitation effects, rather than pure 
orthographic facilitation. By reviewing the orthographic distractors used in previous studies 
(e.g., Zhang et al., 2009; Zhang  & Weekes, 2009), it was found that the above has also not been 
considered as well. For exmaple, the use of '拘' /ju1/ as orthographic distractors for the targets 
'狗' /gou3/ in Mandarin, share the same potential problem as in Cantonese. It is important that 
future studies carefully select the orthographic distractors to avoid activation of phonology of 
the target from phonetic radical so that pure orthographic facilitation can be yielded. 
       Thirdly, imageability, which refers to the ease to create visual imagery of the word's 
meaning in mind when one sees the word/character, was not taken into consideration in this 
study. It has been shown that imageability of words correlates positively with word recognition 
time in different languages (Liu, Shu & Li, 2007; Shibahara, Zorzi, Hill, Wydell & Butterworth, 
2003). Therefore, imageability, being not matched across different distractor type in the current 
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study, probably higher in identity, semantically-related and low-orthosemantically-related 
condition than other conditions, is a possible confounding variable that would affect naming 
latencies. Researches that study different priming effects using picture-word interference 
paradigm are recommended to obtain ratings of imageability of each distractor type and have it 
be co-varied into the item-analysis. 
        To conclude, the current study demonstrated orthographic facilitation, phonological 
facilitation effect and semantic interference effects in Cantonese picture naming, similar to 
previous studies conducted in Mandarin (Weekes et al., 2002; Zhang et al., 2009; Zhang & 
Weekes, 2009). Orthographic facilitation occurred at an earlier SOA than phonological 
facilitation and no semantic interference effects were found at a later SOA. These serve as 
evidence to support that the orthographic facilitation can not be located at the lexical 
phonological level. The interactive effect found between orthographic facilitation and semantic 
inhibition at -100ms and 0ms supports the hypothesis that orthographic facilitation has its locus 
lying in the semantic route of the Weekes et al.'s model (1997). Such interesting interactive 
effect is a new finding not reported by any other Chinese studies that investigated the locus of 
orthographic facilitation. The results obtained favour Weekes et al.'s model (1997) and the 
lemma retrieval account (Levelt, 1999; Roelofs, 1992, 1997) over the name retrieval account 
(Starreveld & La Heij, 1995, 1996). Future research that focuses on the locus of orthographic 
facilitation may construct a total of eight distractor types, with orthographic-and-phonological 
related distractor added, so that the coexistence of the independence of orthographic facilitation 
and phonological facilitation and the interaction of orthographic facilitation and semantic 
interference can be tested concurrently.  
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Appendix A. Target picture stimuli used in the picture-naming task 
 
All target picture stimuli were extracted from the coloured version of Snodgrass and Vanderwart 
picture database (Rossion & Pourtois, 2004). 
 
 
蕉 banana 
薯potato 
 
 
葉 leaf  
 
 
 
桃 peach  
 
 
杯 cup 
 
 
碗 bowl 
裙 
dres
s 
 
褸 lapel 
 
 
鞋 shoe 
襪 sock 椅 chair 
 
 
狗 dog 
 
狐 wolf 
 
蛙 frog 
 
豹 leopard 
 
針 needle 
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鐘 bell 
 
 
盒 box 
 
 
籃 basket 
 
 
筆 pencil 
Note. Pictures presented above are scaled down to 53% of the original size of that presented in the experiment. 
Appendix B. List of stimuli of Chinese distractors 
 
List of distractor characters with pronunciations and meanings. 
Distractor types 
 Identity High-
orthographic 
Low-
orthographic 
Low-
orthographic 
and-semantic 
Semantic Phonological Unrelated 
1 蕉 /ziu1/ 
banana 
燕 /jin3/ 
swallow 
薦 /zin3/ 
to offer 
蘋 /ping4/ 
apple 
橙 /caang2/ 
orange 
趙 /ziu6/ 
surname  
鈣 /koi3/ 
calcium 
2 薯 /syu4/ 
potato 
屠 /tou4/ 
slaughter 
蓄 /cuk1/ 
store 
薑 /geung1/ 
ginger 
豆 /dau2/ 
bean 
舒 /syu1/ 
open up 
默 /mak6/ 
silent 
3 葉 /jip6/ 
leaf 
貰 /saai3/ 
borrow) 
藥 /joek6/ 
drugs 
花 /faa1/ 
flower 
木 /muk3/ 
wood 
醃 /jip3/ 
marinate 
歹 /daai2/ 
bad 
4 桃 /tou2/ 
peach 
姚 /jiu4/ 
handsome 
杭 /hong4/ 
cross stream 
柑 /gam1/ 
tangerine 
葡 /tou4/ 
grape 
塗 /tou4/ 
to apply 
肅 /suk1/ 
pay respect 
5 杯 /bui1/ 
cup 
 
呸 /pei1/ 
expression  
of reprimand 
杜 /dou6/ 
to stop 
樽 /zeon1/ 
jar 
筷 /faai3/ 
chopsticks 
輩 /bui3/ 
generation 
閒 /haan4/ 
peaceful 
6 碗 /wun2/ 
bowl 
婉 /jyun2/ 
amiable 
磋 /co6/ 
polish 
碟 /dip2/ 
plate 
叉 /caa1/ 
fork 
奐 /wun6/ 
brilliant 
苔 /toi4/ 
moss 
7 裙 /kwan4/ 
dress 
伊 /ji1/ 
third person 
pronoun 
裕 /jyu6/ 
rich 
衫 /saam1/ 
shirt 
袋 /doi2/ 
bag 
菌 /kwan2/ 
germs 
貫 /gun3/ 
go through 
8 褸 /lau1/ 
lapel 
縷 /loey5/ 
thread 
複 /fuk1/ 
repeat 
褲 /fu3/ 
trousers 
裳 /sheung4/ 
clothes 
瘤 /lau2/ 
tumour 
覆 /fuk1/ 
reply 
9 鞋 /haai4/ 
shoes 
哇 /waa1/ 
infant's cry 
鞠 /guk1/ 
bow 
靴 /hoe1/ 
boots 
衣 /ji1/ 
clothes 
蟹 /haai5/ 
crap 
亨 /hang1/ 
smoothly 
10 襪 /mat6/ 
socks 
衊 /mit6/ 
smear 
衹 /zi2/ 
only 
袍 /pou4/ 
gown 
裘 /kau4/ 
fur coat 
乜 /mat1/ 
to squint 
暴 /bou6/ 
violent 
11 椅 /ji2/ 
chair 
崎 /kei1/ 
rough 
榷 /kok3/ 
footbridge 
櫃 /gwai6/ 
cupboard 
几 /gei1/ 
small table  
夷 /ji4/ 
ancient tribes 
宵 /siu1/ 
night 
12 狗 /gau2/ 
dog  
拘 /kui1/ 
restrain 
猜 /caai1/ 
guess 
狼 /long4/ 
wolf 
鼠 /syu2/ 
rat 
咎 /gau3/ 
guilt 
齊 /cai4/ 
even  
13 狐 /wu4/ 
fox 
孤 /gu1/ 
orphan 
犯 /faan6/ 
violate 
猴 /hau4/ 
monkey 
鹿 /luk2/ 
deer 
烏 /wu1/ 
crow 
祟 /sung4/ 
evil spirit 
14 蛙 /waa1/ 
frog 
桂 /gwai3/ 
cassia 
虹 /hung4/ 
rainbow 
蛇 /se4/ 
snake 
龜 /gwai1/ 
turtle 
畫 /waa2/ 
draw 
焉 /jin1/ 
then 
15 豹 /paau3/ 
leopard 
約 /joek2/ 
agreement 
貌 /maau6/ 
appearance 
貓 /maau1/ 
cat  
虎 /fu2/ 
tiger 
拋 /paau1/ 
throw 
患 /waan6/ 
suffer 
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16 針 /zum1/ 
needle  
汁 /zap1/ 
juice  
釣 /diu2/ 
to fish  
釘 /deng1/ 
nail 
布 /bou3/ 
cloth 
怎 /zum2/ 
how 
辜 /gu1/ 
crime  
17 鐘 /zung1/ 
bell 
僮 /tung4/ 
boy servant 
錯 /co3/ 
wrong 
鈴 /ling4/ 
bell  
笛 /dek2/ 
bamboo flute 
眾 /zung3/ 
crowd 
熟 /suk6/ 
well-cooked  
18 盒 /hap2/ 
box 
拿 /na4/ 
take 
盪 /dong6/ 
swing 
盤 /pun4/ 
tray 
箱 /sheung1/ 
box 
俠 /hap6/ 
knight 
彿 /fat1/ 
resemble 
19 籃 /laam2/ 
basket  
鹽 /jim4/ 
salt 
篤 /duk1/ 
deep 
籮 /lo4/ 
bamboo basket 
桶 /tung2/ 
bucket 
婪 /laam4/ 
covert 
融 /jung4/ 
harmonize 
20 筆 /bat1/ 
pencil  
肇 /siu4/ 
begin 
範 /faan6/ 
patten  
簿 /bou2/ 
notebook  
尺 /cek3/ 
ruler  
跋 /bat6/ 
go by foot  
隔 /gaak3/ 
separate  
Note. Target 3 is excluded in all data analyses.  
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Appendix C. Summary of of number of stokes, character frequency, ratings and naming performance of each distractor item 
 
List of distractor items with number of strokes, character frequency (per 1,000,000 character), orthographic similarity (OS), semantic relatedness (SR), 
naming latencies (ms) and error percentage (% error) across SOAs. 
 
Distractor 
type 
Distractor 
character 
number of 
strokes 
character 
frequency 
meaning pronunciation OS (S.D) SR (S.D) Naming latencies (Std.Dev) % error 
-100ms 0ms 100ms -100ms 0ms 100ms 
I 蕉 16 8 banana /ziu1/  
 
 
 
 
 
 
 
 
 
 
 
 
N/A 
528.25 (97.31) 543.38 (69.9) 566.00 (70.95) 0.00 0.00 0.00 
I 薯 17 6 potato /syu4/ 494.94 (59.90) 510.13 (61.00) 544.06 (61.97) 0.00 0.00 0.00 
I 桃 10 78 peach /tou2/ 607.57 (133.73) 594.33 (146.57) 629.44 (61.66) 0.00 0.00 0.00 
I 杯 8 77 cup /bui1/ 539.13 (61.80) 554.67 (60.61) 591.19 (79.28) 0.00 0.06 0.00 
I 碗 13 16 bowl /wun2/ 565.06 (142.05) 543.38 (76.11) 603.93 (84.07) 0.00 0.00 0.00 
I 裙 12 31 dress /kwan4/ 575.69 (90.23) 614.44 (96.25) 635.13 (80.19) 0.00 0.00 0.00 
I 褸 16 3 lapel /lau1/ 636.00 (94.30) 614.44 (96.25) 688.44 (72.25) 0.06 0.00 0.00 
I 鞋 15 47 shoes /haai4/ 535.47 (108.36) 532.27 (74.98) 565.93 (108.04) 0.00 0.00 0.00 
I 襪 20 8 socks /mat6/ 531.00 (86.27) 569.75 (63.42) 551.69 (81.45) 0.00 0.00 0.00 
I 椅 12 49 chair /ji2/ 632.77 (160.10) 726.63 (305.27) 716.29 (107.15) 0.13 0.00 0.06 
I 狗 8 50 dog  /gau2/ 541.69 (105.12) 546.00 (68.07) 557.56 (91.78) 0.00 0.00 0.00 
I 狐 8 5 fox /wu4/ 640.07 (119.75) 639.50 (95.90) 780.42 (282.20) 0.00 0.00 0.00 
I 蛙 12 9 frog /waa1/ 561.19 (84.91) 540.44 (91.04) 611.56 (59.47) 0.00 0.00 0.00 
I 豹 10 8 leopard /paau3/ 605.94 (106.23) 586.39 (131.16) 693.44 (207.70) 0.00 0.00 0.00 
I 針 10 10 needle /zum1/ 500.93 (106.04) 515.13 (65.36) 561.88 (78.84) 0.00 0.00 0.00 
I 鐘 20 132 bell /zung1/ 601.80 (130.17) 585.92 (101.54) 616.00 (120.98) 0.00 0.00 0.00 
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I 盒 11 32 box /hap2/ 523.75 (100.19) 561.40 (55.56) 603.07 (98.70) 0.00 0.06 0.00 
I 籃 20 20 basket /laam2/ 574.47 (109.86) 563.13 (73.26) 597.53 (83.10) 0.00 0.00 0.00 
I 筆 12 12 pencil /bat1/ 599.40 (119.45) 565.38 (64.80) 591.94 (61.62) 0.00 0.00 0.00 
HO 燕 16 9 swallow /jin3/ 2.87 (1.35) 1.20 (0.56) 583.63 (92.86) 584.88 (132.75) 601.50 (149.11) 0.00 0.00 0.00 
              
Distractor 
type 
Distractor 
character 
number of 
strokes 
character 
frequency 
meaning pronunciation OS (S.D) SR (S.D) Naming latencies  (Std.Dev) % error 
-100ms 0ms 100ms -100ms 0ms 100ms 
HO 屠 11 17 slaughter /tou4/ 3.27 (0.88) 1.07 (0.26) 543.00 (54.49) 533.19 (74.16) 582.75 (78.87) 0.00 0.00 0.00 
HO 姚 9 5 handsome /jiu4/ 4.53 (0.83) 1.27 (0.59) 510.69 (64.70) 530.88 (91.54) 546.53 (78.49) 0.00 0.00 0.00 
HO 呸 8 2 expression  
of reprimand 
/pei1/ 3.73 (1.10) 1.20 (0.56) 597.00 (112.05) 601.27 (88.74) 614.27 (139.89) 0.00 0.00 0.06 
HO 婉 11 14 amiable /jyun2/ 4.40 (0.74) 1.40 (0.74) 549.63 (131.60) 617.75 (160.04) 627.60 (97.32) 0.00 0.00 0.00 
HO 伊 6 71 third person 
pronoun 
/ji1/ 2.00 (0.85) 1.33 (0.62) 712.63 (134.90) 594.56 (139.83) 677.80 (177.47) 0.00 0.00 0.00 
HO 縷 17 6 thread /loey5/ 4.53 (0.74) 1.80 (0.77) 605.87 (71.08) 573.31 (100.13) 620.31 (69.50) 0.00 0.00 0.00 
HO 哇 9 3 infant's cry /waa1/ 3.40 (1.45) 1.07 (0.26) 586.81 (97.29) 566.47 (145.61) 603.60 (99.86) 0.00 0.00 0.00 
HO 衊 21 1 smear /mit6/ 3.80 (1.08) 1.20 (0.56) 549.63 (84.29) 554.56 (70.23) 615.00 (78.25) 0.00 0.00 0.00 
HO 崎 11 7 rough /kei1/ 3.93 (0.80) 1.20 (0.56) 717.13 (164.53) 642.00 (136.73) 686.14 (119.52) 0.00 0.00 0.00 
HO 拘 8 35 restrain /kui1/ 4.67 (0.49) 1.13 (0.52) 519.80 (52.54) 513.06 (67.79) 550.44 (86.55) 0.00 0.00 0.00 
HO 孤 7 66 orphan /gu1/ 4.60 (0.63) 1.13 (0.82) 576.46 (93.11) 618.00 (85.79) 693.31 (105.62) 0.00 0.00 0.06 
HO 桂 10 20 cassia /gwai3/ 3.93 (1.03) 1.67 (0.41) 573.50 (80.84) 558.00 (106.24) 622.53 (153.86) 0.00 0.00 0.00 
HO 約 9 366 agreement /joek2/ 4.27 (0.70) 1.20 (0.52) 550.38 (69.06) 550.53 (73.68) 628.25 (106.17) 0.00 0.00 0.00 
HO 汁  5 34 juice /zap1/ 3.07 (1.16) 1.13 (0.35) 590.38 (69.06) 531.56 (52.21) 594.25 (94.46) 0.00 0.00 0.00 
HO 僮 14 1 boy servant /tung4/ 3.53 (1.06) 1.27 (0.80) 572.13 (100.95) 549.31 (81.30) 531.13 (65.34) 0.00 0.00 0.00 
HO 拿 10 184 take /na4/ 3.13 (1.06) 1.87 (1.30) 637.25 (205.02) 635.27 (152.32) 628.94 (127.58) 0.00 0.06 0.00 
HO 鹽 24 6 salt /jim4/ 3.53 (0.83) 1.33 (0.82) 629.13 (84.89) 518.94 (91.29) 646.64 (118.18) 0.00 0.00 0.06 
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HO 肇 14 1 begin /siu4/ 3.73 (1.33) 1.13 (0.35) 603.19 (76.77) 563.06 (70.53) 651.19 (52.60) 0.00 0.00 0.00 
LO 薦 18 28 to offer /zin3/ 2.07 (0.80) 1.07 (0.26) 554.25 (88.84) 536.07 (101.47) 558.81 (86.12) 0.00 0.00 0.00 
LO 蓄 14 33 store /cuk1/ 2.80 (1.15) 1.07 (0.26) 530.25 (60.51) 541.94 (87.48) 579.00 (68.68) 0.00 0.00 0.00 
LO 杭 8 2 cross stream /hong4/ 2.73 (1.22) 1.07 (0.26) 642.69 (107.77) 579.87 (145.18) 664.81 (173.68) 0.00 0.06 0.00 
LO 杜 7 38 to stop /dou6/ 3.13 (0.64) 1.13 (0.52) 677.88 (138.01) 597.25 (75.06) 637.88 (110.21) 0.00 0.00 0.00 
              
Distractor 
type 
Distractor 
character 
number of 
strokes 
character 
frequency 
meaning pronunciation OS (S.D) SR (S.D) Naming latencies  (Std.Dev) % error 
-100ms 0ms 100ms -100ms 0ms 100ms 
LO 磋 15 22 polish /co6/ 2.60 (1.18) 1.13 (0.35) 673.50 (148.00) 685.07 (107.26) 672.13 (213.55) 0.00 0.00 0.00 
LO 裕 12 24 rich /jyu6/ 3.13 (0.83) 1.20 (0.56) 632.06 (58.24) 585.00 (126.15) 663.75 (118.19) 0.00 0.00 0.00 
LO 複 14 83 repeat /fuk1/ 3.40 (1.12) 1.20 (0.41) 642.13 (62.84) 673.31 (113.74) 714.44 (154.33) 0.00 0.00 0.00 
LO 鞠 17 2 bow /guk1/ 3.00 (1.00) 1.33 (0.62) 551.63 (69.36) 582.88 (122.29) 624.36 (105.84) 0.00 0.00 0.00 
LO 衹 12 104 only /zi2/ 2.53 (0.92) 1.07 (0.26) 627.00 (80.06) 573.94 (91.36) 599.44 (81.21) 0.00 0.00 0.00 
LO 榷 14 5 footbridge /kok3/ 2.80 (1.01) 1.07 (0.26) 722.88 (143.61) 719.86 (164.65) 797.25 (233.92) 0.00 0.06 0.00 
LO 猜 11 28 guess /caai1/ 2.67 (1.05) 1.07 (0.26) 546.63 (80.43) 559.50 (81.68) 608.75 (177.72) 0.00 0.00 0.00 
LO 犯 5 135 violate /faan6/ 3.00 (0.85) 1.13 (0.35) 795.00 (171.27) 681.83 (126.28) 859.29 (180.73) 0.00 0.00 0.06 
LO 虹 9 2 rainbow /hung4/ 3.87 (0.83) 1.20 (0.41) 635.07 (60.86) 604.81 (63.37) 642.75 (104.76) 0.06 0.00 0.00 
LO 貌 14 64 appearance /maau6/ 3.07 (1.03) 1.27 (0.59) 601.94 (103.31) 556.13 (101.89) 647.73 (150.18) 0.00 0.00 0.00 
LO 釣 11 30 to fish /diu2/ 2.73 (1.10) 1.33 (0.62) 601.31 (116.21) 542.88 (87.66) 557.56 (74.38) 0.00 0.00 0.00 
LO 錯 16 211 wrong /co3/ 3.40 (1.06) 1.13 (0.35) 572.13 (100.45) 542.19 (89.49) 547.05 (95.68) 0.00 0.00 0.00 
LO 盪 17 30 swing /dong6/ 2.20 (0.86) 1.07 (0.26) 638.73 (105.14) 677.20 (148.72) 696.53 (199.45) 0.00 0.06 0.00 
LO 篤 16 4 deep /duk1/ 2.53 (0.83) 1.20 (0.56) 673.06 (91.21) 673.00 (146.39) 743.13 (183.01) 0.00 0.00 0.00 
LO 範 15 94 pattern /faan6/ 2.60 (0.63) 1.20 (0.41) 575.06 (52.01) 585.44 (72.73) 616.87 (75.93) 0.00 0.00 0.00 
LOS 蘋 20 12 apple /ping4/ 1.93 (0.70) 4.27 (1.03) 622.92 (62.47) 611.50 (162.98) 734.69 (299.43) 0.06 0.00 0.00 
LOS 薑 17 7 ginger /geung1/ 3.40 (0.83) 3.40 (0.91) 632.87 (85.93) 632.27 (130.22) 713.00 (199.72) 0.00 0.00 0.00 
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LOS 柑 8 4 tangerine /gam1/ 2.93 (0.88) 3.87 (1.36) 695.87 (236.64) 719.13 (170.55) 731.47 (230.31) 0.06 0.00 0.00 
LOS 樽 16 7 jar /zeon1/ 2.47 (0.92) 4.27 (0.80) 707.75 (165.28) 625.53 (100.92) 741.69 (252.34) 0.00 0.00 0.00 
LOS 碟 14 7 plate /dip2/ 3.07 (0.96) 4.80 (0.56) 759.27 (289.13) 770.67 (175.38) 778.73 (229.02) 0.06 0.13 0.06 
LOS 衫 8 36 shirt /saam1/ 2.53 (0.92) 4.33 (0.98) 766.54 (146.03) 647.74 (137.96) 652.00 (152.75) 0.06 0.00 0.00 
LOS 褲 15 35 trousers /fu3/ 2.53 (0.83) 4.27 (0.96) 796.80 (208.07) 702.86 (184.66) 809.87 (287.35) 0.06 0.06 0.06 
LOS 靴 13 2 boots /hoe1/ 3.93 (0.88) 4.67 (0.72) 689.36 (171.95) 547.94 (101.24) 623.00 (138.32) 0.00 0.00 0.06 
LOS 袍 10 30 gown /pou4/ 2.80 (0.94) 3.73 (0.96) 658.73 (124.21) 592.07 (64.00) 784.79 (120.34) 0.00 0.06 0.00 
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LOS 櫃 18 64 cupboard /gwai6/ 2.67 (1.05) 3.67 (1.18) 795.64 (158.55) 759.87 (309.44) 703.71 (183.00) 0.19 0.00 0.06 
LOS 狼 10 9 wolf /long4/ 3.20 (0.94) 4.47 (0.92) 729.67 (122.03) 680.88 (152.13) 750.58 (143.31) 0.00 0.00 0.07 
LOS 猴 12 10 monkey /hau4/ 2.87 (0.92) 3.52 (1.55) 801.71 (82.57) 685.07 (290.50) 663.75 (73.64) 0.06 0.00 0.00 
LOS 蛇 11 11 snake /se4/ 3.33 (0.82) 3.80 (1.15) 670.33 (118.16) 642.07 (81.13) 619.73 (95.18) 0.06 0.00 0.00 
LOS 貓 16 38 cat /maau1/ 3.27 (0.80) 4.07 (0.96) 602.88 (99.35) 608.21 (112.95) 619.71 (95.18) 0.00 0.00 0.00 
LOS 釘 10 18 nail /deng1/ 4.27 (0.88) 3.47 (0.83) 598.13 (147.12) 546.13 (60.16) 568.64 (57.57) 0.00 0.00 0.00 
LOS 鈴 13 28 bell /ling4/ 2.73 (1.03) 4.00 (1.00) 586.19 (68.18) 604.94 (125.29) 633.00 (174.16) 0.00 0.00 0.00 
LOS 盤 15 88 tray /pun4/ 2.53 (0.99) 3.47 (0.83) 665.47 (74.64) 622.75 (117.51) 643.14 (147.15) 0.00 0.00 0.00 
LOS 籮 25 6 bamboo 
basket 
/lo4/ 3.40 (1.12) 4.40 (0.83) 608.25 (150.94) 609.48 (78.59) 681.97 (106.19) 0.00 0.00 0.00 
LOS 簿 19 9 notebook /bou2/ 2.27 (0.59) 4.20 (1.01) 647.81 (155.14) 655.80 (135.09) 720.94 (181.38) 0.00 0.00 0.00 
S 橙 16 5 orange /caang2/ 1.27 (0.70) 4.13 (1.30) 673.29 (175.37) 687.00 (178.66) 622.87 (52.27) 0.00 0.00 0.00 
S 豆 7 35 bean /dau2/ 1.20 (0.41) 3.27 (0.96) 698.47 (87.17) 694.83 (103.10) 705.69 (153.32) 0.00 0.00 0.00 
S 葡 13 10 grape /tou4/ 1.07 (0.26) 4.07 (1.03) 657.40 (155.28) 612.33 (132.90) 645.00 (87.83) 0.00 0.00 0.00 
S 筷 13 2 chopsticks /faai3/ 1.53 (0.74) 4.53 (0.83) 678.67 (127.29) 669.33 (147.99) 704.67 (220.95) 0.06 0.06 0.06 
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S 叉 2 5 fork /caa1/ 1.20 (0.56) 4.53 (0.64) 702.11 (131.23) 798.07 (197.79) 728.13 (190.09) 0.00 0.00 0.00 
S 袋 11 61 bag /doi2/ 1.33 (0.62) 3.60 (1.12) 725.88 (163.71) 665.06 (106.15) 669.94 (121.71) 0.00 0.00 0.00 
S 裳 14 8 clothes /sheung4/ 1.13 (0.35) 4.07 (1.19) 727.67 (104.60) 819.07 (185.65) 765.29 (233.79) 0.06 0.00 0.06 
S 衣 6 259 clothes /ji1/ 1.53 (0.74) 3.87 (0.88) 628.69 (113.23) 592.00 (110.02) 660.69 (223.88) 0.00 0.00 0.00 
S 裘 13 1 fur coat /kau4/ 1.20 (0.56) 2.47 (0.99) 614.50 (83.49) 590.93 (98.51) 596.87 (73.46) 0.00 0.00 0.00 
S 几 2 12 small table /gei1/ 1.20 (0.56) 3.27 (1.10) 741.54 (148.40) 781.79 (230.85) 796.93 (195.53) 0.13 0.00 0.13 
S 鼠 13 28 rat /syu2/ 1.33 (0.49) 3.93 (1.16) 686.63 (105.68) 696.60 (153.68) 707.56 (197.47) 0.06 0.06 0.00 
S 鹿 11 18 deer /luk2/ 1.07 (0.26) 3.93 (1.16) 945.33 (249.28) 979.73 (279.28) 985.45 (337.82) 0.00 0.13 0.19 
S 龜 16 2 turtle /gwai1/ 1.47 (0.83) 3.67 (1.11) 777.23 (155.97) 729.80 (207.19) 672.93 (154.82) 0.06 0.06 0.06 
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S 虎 8 36 tiger /fu2/ 1.13 (0.35) 4.27 (0.96) 779.38 (243.19) 838.73 (326.37) 777.79 (366.57) 0.00 0.00 0.06 
S 布 5 247 cloth /bou3/ 1.93 (0.88) 3.33 (1.11) 596.93 (55.98) 530.56 (77.56) 559.57 (55.10) 0.00 0.00 0.00 
S 笛 11 7 bamboo 
flute 
/dek2/ 1.13 (0.35) 2.33 (0.98) 602.69 (86.6) 579.69 (80.83) 600.25 (90.99) 0.00 0.00 0.00 
S 箱 15 46 box /sheung1/ 1.93 (0.88) 4.60 (0.74) 765.45 (255.34) 776.92 (388.76) 734.46 (185.34) 0.25 0.19 0.13 
S 桶 11 12 bucket /tung2/ 1.13 (0.35) 3.93 (1.49) 597.93 (76.97) 597.73 (115.64) 619.67 (97.17) 0.06 0.00 0.00 
S 尺 4 42 ruler /cek3/ 1.27 (0.59) 4.67 (0.62) 656.88 (93.97) 627.94 (87.99) 711.00 (120.38) 0.00 0.00 0.00 
P 趙 13 42 surname /ziu6/ 1.07 (0.26) 1.27 (0.59) 563.69 (54.17) 573.44 (90.95) 567.13 (120.21) 0.00 0.00 0.00 
P 舒 12 75 open up /syu1/ 1.13 (0.35) 1.07 (0.26) 627.20 (149.46) 531.02 (76.66) 637.63 (101.40) 0.00 0.00 0.00 
P 塗 13 46 to apply /tou4/ 1.07 (0.26) 1.07 (0.26) 700.33 (156.35) 548.33 (82.55) 640.38 (91.22) 0.06 0.00 0.00 
P 輩 15 44 generation /bui3/ 1.00 (0.00) 1.13 (0.35) 592.25 (84.80) 597.94 (146.93) 635.40 (98.98) 0.00 0.00 0.00 
P 奐 9 1 brilliant /wun6/ 1.40 (0.63) 1.13 (0.35) 605.00 (126.76) 566.25 (94.84) 599.60 (104.93) 0.00 0.00 0.00 
P 菌 12 7 germs /kwan2/ 1.13 (0.35) 1.20 (0.41) 636.25 (116.68) 605.81 (73.57) 603.64 (107.38) 0.00 0.00 0.00 
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P 瘤 15 9 tumor /lau2/ 1.13 (0.35) 1.20 (0.56) 689.13 (113.45) 741.94 (337.38) 672.40 (79.66) 0.00 0.00 0.00 
P 蟹 19 8 crap /haai5/ 1.33 (0.49) 1.33 (0.62) 665.75 (135.48) 561.93 (75.48) 621.81 (158.81) 0.00 0.06 0.00 
P 乜 2 1 to squint /mat1/ 1.00 (0.00) 1.20 (0.56) 588.20 (87.19) 566.71 (68.43) 559.94 (101.85) 0.00 0.00 0.00 
P 夷 6 17 ancient 
tribes 
/ji4/ 1.00 (0.00) 1.13 (0.35) 648.56 (154.15) 673.27 (167.15) 744.13 (97.79) 0.00 0.00 0.00 
P 咎 8 5 guilt /gau3/ 1.33 (0.49) 1.07 (0.26) 613.00 (77.30) 609.00 (119.94) 611.25 (113.91) 0.00 0.00 0.00 
P 烏 10 23 crow /wu1/ 1.07 (0.26) 1.53 (0.83) 752.79 (115.19) 724.92 (82.49) 836.87 (190.24) 0.06 0.00 0.00 
P 畫 12 177 draw /waa2/ 1.13 (0.35) 1.33 (0.72) 611.51 (77.37) 568.25 (79.69) 590.31 (112.61) 0.00 0.00 0.00 
P 拋 8 30 throw /paau1/ 1.40 (0.63) 1.13 (0.35) 605.06 (68.86) 573.94 (95.08) 602.19 (89.92) 0.00 0.00 0.00 
P 怎 9 309 how /zum2/ 1.00 (0.00) 1.07 (0.26) 647.21 (113.94) 569.81 (82.77) 586.33 (75.14) 0.06 0.00 0.06 
P 眾 11 377 crowd /zung3/ 1.00 (0.00) 1.07 (0.26) 590.60 (158.56) 583.27 (119.00) 619.40 (120.25) 0.00 0.00 0.00 
              
Distractor 
type 
Distractor 
character 
number of 
strokes 
character 
frequency 
meaning pronunciation OS (S.D) SR (S.D) Naming latencies (Std.Dev) % error 
-100ms 0ms 100ms -100ms 0ms 100ms 
P 俠 9 18 knight /hap6/ 1.33 (0.62) 1.20 (0.56) 565.06 (78.68) 566.00 (58.22) 586.81 (75.51) 0.00 0.06 0.00 
P 婪 11 1 covert /laam4/ 1.07 (0.26) 1.13 (0.35) 662.87 (161.74) 597.99 (87.79) 678.77 (119.04) 0.06 0.00 0.00 
P 跋 12 2 go by foot /bat6/ 1.00 (0.00) 1.00 (0.27) 663.80 (84.09) 606.87 (112.38) 690.06 (152.47) 0.00 0.00 0.00 
U 鈣 12 4 calcium /koi3/ 1.00 (0.00) 1.40 (0.83) 569.31 (86.73) 610.50 (135.26) 561.81 (98.22) 0.00 0.00 0.00 
U 默 16 98 silent /mak6/ 1.20 (0.56) 1.07 (0.26) 581.67 (57.64) 600.00 (123.15) 646.47 (141.92) 0.00 0.00 0.06 
U 肅 12 29 pay respect /suk1/ 1.00 (0.00) 1.07 (0.26) 696.56 (189.78) 623.99 (79.45) 676.40 (109.56) 0.00 0.00 0.00 
U 閒 12 83 peaceful /haan4/ 1.00 (0.00) 1.20 (0.56) 662.69 (121.94) 674.13 (141.81) 772.27 (107.99) 0.00 0.00 0.00 
U 苔 9 5 moss /toi4/ 1.13 (0.35) 1.27 (0.59) 671.94 (198.57) 641.00 (156.67) 662.13 (210.58) 0.00 0.06 0.00 
U 貫 11 38 go through /gun3/ 1.00 (0.00) 1.07 (0.26) 626.31 (131.24) 603.63 (189.07) 668.27 (168.93) 0.00 0.00 0.00 
U 覆 18 63 reply /fuk1/ 1.27 (0.59) 1.13 (0.35) 653.07 (122.19) 671.56 (131.55) 742.88 (194.19) 0.00 0.00 0.00 
U 亨 7 7 smoothly /hang1/ 1.07 (0.26) 1.00 (0.00) 620.69 (138.84) 567.44 (51.83) 681.93 (152.57) 0.00 0.00 0.00 
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U 暴 15 74 violent /bou6/ 1.07 (0.26) 1.07 (0.26) 612.80 (54.82) 629.56 (117.23) 622.56 (69.82) 0.00 0.00 0.06 
U 宵 10 30 night /siu1/ 1.00 (0.00) 1.27 (0.70) 759.79 (155.37) 682.81 (174.74) 721.47 (131.25) 0.06 0.00 0.06 
U 齊 14 94 even /cai4/ 1.13 (0.35) 1.13 (0.35) 620.25 (63.69) 567.25 (144.05) 645.07 (121.05) 0.00 0.00 0.00 
U 祟 10 6 evil spirit /sung4/ 1.07 (0.26) 1.20 (0.56) 679.29 (140.05) 678.77 (157.18) 801.29 (155.85) 0.00 0.00 0.00 
U 焉 11 18 then /jin1/ 1.13 (0.52) 1.07 (0.26) 627.94 (100.06) 631.94 (90.24) 692.00 (152.60) 0.00 0.00 0.00 
U 患 11 103 suffer /waan6/ 1.00 (0.00) 1.07 (0.26) 680.19 (136.00) 630.33 (99.32) 774.88 (280.14) 0.00 0.06 0.00 
U 辜 12 4 crime /gu1/ 1.07 (0.26) 1.00 (0.00) 703.06 (103.94) 640.88 (97.02) 700.33 (147.01) 0.00 0.00 0.00 
U 熟  15 138 well-cooked /suk6/ 1.00 (0.00) 1.13 (0.52) 618.00 (78.70) 578.81 (84.43) 643.44 (199.00) 0.00 0.00 0.00 
U 彿 8 54 resemble /fat1/ 1.13 (0.35) 1.13 (0.35) 647.69 (114.78) 686.75 (135.58) 733.13 (251.16) 0.00 0.00 0.00 
U 融 16 72 harmonize /jung4/ 1.20 (0.56) 1.07 (0.26) 736.79 (160.84) 730.53 (249.10) 788.21 (193.92) 0.06 0.06 0.00 
U 隔 12 88 separate /gaak3/ 1.00 (0.00) 1.27 (0.59) 595.19 (103.06) 649.88 (108.06) 633.06 (137.83) 0.00 0.00 0.00 
Note. Distractor types: I= identity; HO= high-orthographically related; LO= low-orthographically related; LOS= low-orthosemantically related; S= semantically related; P= 
phonologically-related; U= unrelated.  
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